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I, INTRODUCTION 
Theoretical considerations and past  experience indicate the f e a s i b i l i t y  
of developing a t r ans i s to r  with a saturat ion voltage of 0.1 vo l t  a t  75A 
col lec tor  current. 
design goal of 0.07V. 
This i s  the object of the present e f fo r t ,  with a 
The methods employed i n  t h i s  e f f o r t  include designing the surface 
geometry i n  order t o  operate the t r ans i s to r  a t  as low a current density 
as possible, and t o  employ an in te rna l  s t ructure  which affords the 
grea tes t  possible synanetry i n  the emitter-base and collector-base 
junctions, 
The use of commercially available t h i n  c rys t a l  seems t o  be a logical  
extension of the presently successfuly simultaneously diffused process 
as another a l ternat ive,  
centrat ion gradients, thereby increasing in jec t ion  e f f ic ienc ies  a s  w e l l  
as reducing series resistance i n  the emitter and col lector  regions. 
While high rates of breakage were anticipated,  additional problems of 
uniformity and d i f f i c u l t i e s  i n  mounting have cast doubt on the production 
f e a s i b i l i t y  of t h i s  approach. 
This material should permit steeper con- 
Control of the col lector  geometry i s  being investigated by both ep i t ax ia l  
and symmetrically diffused techniques. 
i s  described i n  the following section. 
Progress on a l l  of these approaches 
3 
i 
11. PROGRESS DURING THE CURRENT QUARTER 
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A. THIN-WAFER APPROACH 
Reasonable y ie lds  of t h i n  wafers have been achieved through the 
emit ter-col lector  drive-in diffusion. 
the wafers on aluminum-carrier d i sc s  through photoresist  processes 
and careful  handling techniques. Material cu t  t o  the f i n a l  diameter 
by the supplier has been received and has a l lev ia ted  the problem of 
breakage while cut t ing wafers t o  size.  
This was achieved by mounting 
Continued processing on th in  wafers has revealed some d i f f i c u l t i e s  not 
or ig ina l ly  anticipated. The hard-soldering technique used for  wafers 
of conventional thickness (5-6 m i l s )  has been found t o  be completely 
unsatisfactory fo r  t h i n  wafers. The soldering material w a s  found t o  
a l loy  through the t o t a l  thickness of the 2.5 m i l  wafer. 
evidence of t h i s  i s  shown i n  the photograph i n  Figure 1. 
hard-soldering process has been found e s sen t i a l  t o  the successful 
fabr icat ion of very large devices, a sui table  modification of t h i s  process 
must be found i f  the thin-wafer approach is  to be continued. 
Clear 
Since t h i s  
A second observation which may prove to be a problem i s  the f a c t  t ha t  
commercially available t h i n  wafers have ra ther  rough back surfaces. 
While these surfaces have been etched to remove work damage, the resu l t2  
surface is probably too rough t o  provide the uniformity considered 
necessary fo r  junction voltages to cancel out and provide low V 
This roughness is shown i n  a bevelled thin-wafer device shown i n  
Figure 2. 
previously mentioned d i f f i c u l t i e s  are current ly  being fabricated i n  
order t o  determine whether this roughness is  detrimental and whether 
the thin-wafer approach i n  general o f f e r s  a s ignif icant  advantage. 
CE (sat) e 
Smaller t r ans i s to r s  which can be encapsulated without the 
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Figure 1, Surface of Thin Wafer Traneietor 
After Molybdenium Mounting (15x3 
? 
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A th i rd  d i f f i c u l t y  is tha t  parallelism is not always suf f ic ien t  fo r  the 
fabricat ion of simultaneously diffused t ransis tors .  
taneously diffused thin-wafer sample, the base width was found t o  taper  
from 8 microns i n  one posi t ion t o  complete puncture over a distance of 
only 5 mm. The apparent taper of the base width i n  the sample 
i n  Figure 2 i s  largely an a r t i f a c t  of imperfect bevelling, and it i s  
not t o  be considered an example of the above observation.) 
On one simul- 
(NOTE: 
B. EPITAXIAL APPROACH 
The f i r s t  attempt at  ep i t ax ia l  selective co l lec tor  u t i l i zed  an arsenic 
diffusion in to  a .01 ohm-cm, N-type substrate,  then the P-type ep i t ax ia l  
base layex was grown over t h i s  structure.  
s tep i n  t h i s  run was only 0.15 p. . I n  order t o  make t h i s  s tep more 
pronounced, the second run u t i l i zed  a t h i n  N-type ep i t ax ia l  layer (4 p 
thick, 11 ohm-cm), then arsenic was diffused select ively in to  t h i s  
layer, and f ina l ly  the P-type base layer was grown over t h i s  structure.  
Data are not ye t  available fo r  these runs. 
The height of the co l lec tor  
C. SYMMJlTRICALLY DIFFUSED APPROACH 
The greatest  amount of e f f o r t  has been placed on the symmetrically 
diffused approach. Equipment required to  implement the select ive 
- co l l ec to r  has been received and is now operational. As mentione 
f i r s t  quarter ly  report, t h i s  process requires a photoresist  a l i g  
machine which permits the placing of aligned geometries on opposite 
s ides  of the wafer. 
this .  
a wafer which has been coated with KMER on both s ides  is  sandwiched 
between the masks, and both s ides  are exposed simultaneously. This 
method provides good r eg i s t r a t ion  of the two images, but alignment of 
the pa t te rn  with respect t o  the edges of the s i l i con  wafer i s  rather  
coarse since t h i s  must be done s t r i c t l y  by hand. The second special  
The machine has two special  capab i l i t i e s  t o  a l l  
F i r s t ,  t w o  masks may be aligned with respect t o  each other; then 
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capabi l i ty  of the machine i s  t o  perform alignments with infrared 
l i g h t  transmitted through the slice. This permits alignment to  metal 
pat terns  on heavily diffused areas on the opposite side of the slice. 
The special  capab i l i t i e s  of the alignment machine have been used i n  
the following ways. 
1. After the N+ deposit the double-sided-exposure capabi l i ty  i s  used 
t o  e tch  pat terns  i n  the s i l i con  on both s ides  of the wafer. 
subsequent process s teps  include an 
The 
drive, col lector  lapping, 
deposit on the co l lec tor  s ide of the slice, and another drive. 
The complete process flaw was described i n  the f i r s t  quarter ly  
report  . 
2. The material i s  i n i t i a l l y  oxidized, then the double-sided-exposure 
capabi l i ty  is  used t o  etch matched pat terns  i n  the oxide on both 
s ides  of the wafer. The deposit is  now performed, and penetrates 
the oxide; however, the deposit i n  the unmasked areas penetrates 
deeper and achieves a higher concentration. 
e tch away the shallow N-layer i n  the base contact regions. 
the s i l i con  has a rough (lapped) surface, the pat tern i s  nearly 
invis ible .  The infrared transmission feature of the alignment 
machine has been useful i n  aligning a mask t o  the heavily phosphorous- 
diffused areas. 
any addi t ional  phosphorous deposit and drive steps. The use of 
wafers which are polished on the front  side would simplify t h i s  
process since the emitter mask could be aligned t o  the s tep  on the 
surface which always occurs during diffusion i n  an oxidizing 
atmosphere, and the use of infrared would not be required. 
f o r  t h i s  process i s  shown i n  Figure 3. 
Now it is  necessary t o  
Since 
This process requires no co l lec tor  lapping s tep or  
The flow 
i 
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Figure 3. Symmetrically Diffused Transistor 
Oxide Process 
1 
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Data from un i t s  made by t h i s  process are shown i n  Table 1. The 
difference between the selective co l lec tor  un i t s  and the non-selective 
col lector  control  un i t  i s  not clear. This may be due to the ra ther  
small co l lec tor  s tep  height, o r  simply t o  the small sample which is  not 
s t a t i s t i c a l l y  adequate. A l l  of the saturat ion voltage data i n  t h i s  
report  were measured on a pulsed gain tester as a laboratory reference. 
More spec i f ic  data  w i l l  be acquired when they can be measured on the 
precision DC tester. 
Units u t i l i z i n g  the lapped co l lec tor  method suffered from high breakage 
losses. Furthermore, the un i t s  which survived t o  the moly mount s tep  
appeared t o  have collector-base shorts. 
al loying through th in  wafers, it i s  reasonable t o  assume tha t  the 
alloying penetrated the t h i n  pa r t s  of the col lector .  
a t  t h i s  process should use a shorter  i n i t i a l  drive with the f i n a l  base 
width being achieved i n  the second drive. 
of the shallower par t s  of the col lector  t o  a depth which should not be 
affected by the moly mount process. 
I n  l i g h t  of the observation on 
Future attempts 
This w i l l  permit penetration 
Other improvements i n  addition t o  the basic l i nes  of investigation are 
being implemented. 
the sunburst: geometry had been redesigned for increased emitter edge 
length. 
Table 2 presents data  comparing the performance of the new geometry 
with the current ly  used design. 
encapsulated with pa r t s  designed f o r  the older geometry. 
w i l l  be continued unless it becomes evident that larger  emitter and 
base contacts w i l l  produce a signif icant  improvement i n  saturat ion 
voltage. 
It was mentioned i n  the f i r s t  quarter ly  report  t ha t  
Photoresist masks have been received and are being evaluated. 
The un i t s  with the new geometry were 
This practice 
Comparison data  are presented i n  Table 2. 
emitter edge length is  not obvious, but again the sample s ize  is  not 
s t a t i s t i c a l l y  adequate. 
saturat ion voltages are very close t o  objectives. 
become established, more samples w i l l  be evaluated. 
The e f f ec t  of the increased 
However, i t  is s igni f icant  t o  observe tha t  the 
A s  the processes 
“ I  
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I n  the emitter dr ive s tep  for  symmetrically diffused t rans is tors ,  i t  is 
necessary t o  perform the drive i n  a boron atmosphere i n  order t o  prevent 
the red is t r ibu t ion  of phosphorous from the emitter areas in to  the base 
contact areas, converting those areas t o  N-type. 
2 3  
usually used t o  provide the boron atmosphere, has been found t o  be 
somewhat unreliable i n  performing t h i s  function. Variations i n  flow 
rates of the gases and temperature of the source zone can grea t ly  a f f ec t  
Boron t r ioxide (B 0 ), 
the B203. 
doping system has been ins ta l led  on the drive furnace, 
providing r e l i ab le  compensation of the redis t r ibuted phosphorous, the 
system provides a much higher concentration P+ layer i n  the base contact 
areas. The resu l t ing  reduction of the base resistance should decrease 
I n  order to  improve t h i s  s i tuat ion,  a boron tribromide (BBr3) 
I n  addition t o  
with a corresponding reduction of VCE(sat)a 'BE (sat) 
, 
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IV. PROGRAM FOR THE NEXT PERIOD 
Refinement of processes w i l l  be continued, and more test  samples w i l l  
be fabricated and evaluated. 
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